Divalent Mg 2+ -catalyzed degradation of RNA is a well-documented phenomenon (1, 3) that is not widely recognized in the molecular biology laboratory. At temperatures above 37°C (1) and at pH 7.5 and above in Tris-HCl buffers (3), the rate of RNA breakdown is directly proportional to Mg 2+ concentration between 1 and 10 mM. Other buffer systems such as glycine (1) or sodium citrate (3) reduce the detrimental effects of Mg 2+ . Free Mg 2+ (1-3.5 mM) and alkaline pH (8.4) in Tris-HCl buffers are present during cDNA synthesis with murine and avian retroviral reverse transcriptases (8, 14) , creating conditions under which Mg 2+ -catalyzed RNA breakdown occurs. One significant difficulty with retroviral reverse transcriptase-catalyzed cDNA synthesis is the tendency of the enzyme to pause at regions of secondary structure in mRNA (5, 10, 20) , resulting in the generation of truncated products. As the result, more thermal stable reverse transcriptases are being sought and used that function at temperatures high enough to denature RNA (18), and protocols are being developed that employ RNA heating steps at high temperatures in the presence of Mg 2+ (11) .
To define the stability of RNA under reaction conditions used to synthesize cDNA, we determined the rate of degradation and half-life of a 7.5-kb cRNA at various temperatures under reaction conditions optimal for Moloney murine leukemia virus (MMLV) reverse transcriptase (8) . We found that the rate of Mg 2+ -catalyzed RNA degradation is quite rapid at higher temperatures and that RNA breakdown can be reduced by the addition of excess dNTPs to chelate free Mg 2+ .
The protocol used to measure RNA breakdown was as follows. RNA (7.5 kb; Invitrogen, Carlsbad, CA, USA) was used unlabeled or labeled at the 3′-end with [α-32 P]ddATP and yeast poly(A) polymerase (Amersham Biosciences, Piscataway, NJ, USA). The results obtained with labeled and unlabeled RNA were similar. RNA was heated at various temperatures in a 0.5-mL tube in a thermal cycler equipped with a heated lid. The heating solution (20 µL) mimicking MMLV reverse transcriptase reaction conditions contained 50 mM Tris-HCl, pH 8.4, 75 mM KCl, 3 mM MgCl 2 , 500 µM each dCTP, dGTP, dTTP, and dATP, and 10 µg unlabeled or 3′-end-labeled 7.5-kb RNA. At various times, 2-µL aliquots were removed and placed on ice in separate tubes containing 1 µL 100 mM EDTA. Gel loading buffer (30 mM MOPS, pH 7.0, 0.6 mM EDTA, 27 mg/mL sucrose, 2.9 M formaldehyde, 57% formamide, 1.3 mg/mL bromocresol green, and 7 µL 70 µg/mL ethidium bromide) was added, and the RNA was heated at 65°C for 5 min. When testing avian reverse transcriptase reaction conditions, the MgCl 2 concentration was increased to 7.5 mM and the concentration of each dNTP was increased to 1 mM in heating mixtures. Heated RNA was subjected to denaturing formaldehyde agarose gel electrophoresis as described previously (7) . Gels contained 1.5% agarose, 50 mM MOPS, pH 7.0, 1 mM EDTA, and 2.2 M formaldehyde and were run in 50 mM MOPS (pH 7.0)-1 mM EDTA. A digitized image of ethidium bromidestained, unlabeled RNA was captured during transillumination of gels with short-wave UV light with a Lynx 5000 Gel Imaging System (Applied Imaging, Santa Clara, CA, USA). The system software was used to quantify the fraction of intact 7.5-kb RNA present in a lane of the gel. When labeled RNA was used, the gel was dried and exposed to X-ray film. Using an exposed film as a guide, the intact 7.5-kb RNA and any breakdown products were excised separately and counted in a scintillation counter to determine the fraction of intact RNA. The rate of loss of intact cRNA is the fraction of intact RNA lost per minute calculated from the slope of the straight line generated at each temperature from data points early in the time course of RNA degradation. c The values in brackets were determined in the presence of 7.5 mM MgCl 2 and 4 mM total dNTPs.
tions were increased to 7.5 mM and 1 mM, respectively. In some cases, the concentration of each dNTP was increased to 2 mM. Incubation was at the temperatures and for the times indicated. An aliquot of the reaction mixture was precipitated with TCA to determine total yield of cDNA synthesized, and the remaining cDNA product was size-fractionated on an alkaline 1.2% agarose gel (17) . The yield of fulllength cDNA was determined by using X-ray film exposed to a dried gel as a guide to cut and count gel sections in a scintillation counter.
We confirmed that RNA breakdown is caused by free Mg 2+ (1, 3) . In a control time course carried out at 40°C over 120 min under MMLV reverse transcription conditions in the presence of excess EDTA to chelate-free Mg 2+ , no breakdown of RNA was observed (data not shown). At 1 mM excess Mg 2+ at various temperatures, an initial rate of loss of intact 7.5-kb RNA was determined, as well as RNA half-lives over extended periods. Table 1 summarizes the results of two independent half-life determinations. The half-lives of 7.5-kb RNA ranged from 67 min at 40°C down to 0.8 min at 75°C. The first two data points from each time course were also used to calculate a rate of loss of intact 7.5-kb RNA that is expressed as the fraction of intact RNA lost per min at each temperature ( Table 1 ). The initial rates of hydrolysis of intact RNA expressed as fraction lost/min ranged from 0.01/min at 40°C to 0.49/min at 75°C. On the average, the rate of RNA breakdown increased 1.75-fold for every 5°C increment in temperature increase above 40°C in the presence of 1 mM excess Mg 2+ .
Reaction conditions optimal for avian reverse transcriptase contain 7.5 mM MgCl 2 and 4 mM total dNTPs (9), or 3.5 mM Mg 2+ in excess over total dNTPs. The half-life and rate of breakdown of 7.5-kb RNA were determined at 55°C under these conditions. Relative to MMLV reverse transcription conditions, the half-life was reduced from 10 to 5 min and the rate of breakdown more than doubled from 0.05 to 0.11 fraction degraded/min ( Table 1) . The faster breakdown rate reflects the higher concentration of free Mg 2+ (3) and emphasizes that RNA breakdown is an even more severe problem at elevated temperatures in avian reverse transcription.
Since the RNA breakdown observed requires free Mg 2+ and is proportional to free Mg 2+ concentration, it should be possible to inhibit the reaction by reducing or eliminating free Mg 2+ . Figure 1 shows that this can be accomplished at 60°C by the addition of excess EDTA. We hypothesized that it should also be possible by the addition of dNTPs in excess over MgCl 2 to chelate free Mg 2+ and thus to protect RNA from breakdown. Figure 1 also shows that when 4 mM dNTPs were present with 3 mM MgCl 2 , there was very little breakdown of 7.5-kb RNA at 60°C during a 20-min incubation.
If reverse transcriptase does not require free Mg 2+ to catalyze efficient cDNA synthesis, then it should be possible to protect mRNA from Mg 2+ -catalyzed degradation without compromising the efficiency of cDNA synthesis. Table 2 shows the results at 45°C of altering the MMLV H-and RSV H-reverse transcriptase optimal reaction conditions to include a total dNTP concentration that exceeds the MgCl 2 concentration. The rate of Mg 2+ -catalyzed RNA breakdown at this temperature is minimal so that the results were not appreciably influenced by RNA hydrolysis. The total yield of cDNA synthesized from 5. significantly by higher dNTP concentrations. There was also no change in the yield of full-length product synthesized by MMLV H-reverse transcriptase. The yield of full-length product synthesized by RSV H-reverse transcriptase was reduced slightly at the higher dNTP concentration. This reduction was observed reproducibly in other experiments. We conclude that the efficiency of cDNA synthesis by MMLV H-reverse transcriptase is not reduced by increasing the total dNTP concentration from 2 to 4 mM. The potential benefit of chelating free Mg 2+ with excess dNTPs in reverse transcription at a moderately elevated temperature is indicated by the results in Table 2 . A thermal stable mutant of MMLV H-reverse transcriptase was used to synthesize 32 P-labeled cDNA from 5.2-kb cRNA at 55°C. Synthesis was carried out either under normal reaction conditions with 1 mM excess Mg 2+ or under modified conditions with total dNTPs in excess over Mg 2+ by 1 mM. Total yield of cDNA synthesized was comparable. A modest increase in full-length 5.2-kb cDNA synthesized at 55°C was observed when the total dNTP concentration exceeded that of Mg 2+ .
Mg 2+ -catalyzed RNA degradation occurs at a relatively rapid rate in the presence of just 1 mM excess Mg 2+ at temperatures above 50°C. At 55°C, as we have shown, half the RNA is no longer intact after 10 min. Depending on the sequence of the RNA copied, the chain elongation rate of retroviral reverse transcriptase varies between 5 and 30 nucleotides/s at 37°C to 45°C (9, 12, 16) . Representatives of most mRNAs would probably survive intact long enough under these reverse transcription conditions and with these chain growth rates to be copied. A caveat is that reverse transcriptase tends to pause during cDNA synthesis at certain sequences in mRNA not involved in secondary structure (13, 15) , and the chain elongation rate drops to near zero at these sites (6) . RNA possessing such sites might not be copied to full length at 55°C before being cleaved. In addition, as the length of mRNA increases, the number of such sites would tend to accumulate, decreasing even further the chances of achieving full-length synthesis before mRNA breakdown. On the other hand, at 55°C, some secondary structural elements would begin to melt, potentially increasing the overall rate of chain elongation by reverse transcriptase. At 65°C, half the RNA is no longer intact after 3 min. The chances are much reduced of achieving full-length copying of most mRNA species. At this temperature, applications such as RT-PCR that generally require the synthesis of shorter cDNA copies could be carried out in the presence of excess Mg 2+ , but cDNA library preparation would be problematic.
When excess Mg 2+ is chelated with dNTP substrate, the stability of RNA is increased dramatically. We have demonstrated that MMLV H-reverse transcriptase can function efficiently with dNTPs present in excess over Mg 2+ . This approach has potential for facilitating the synthesis of cDNA at elevated temperatures with mutant forms of retroviral reverse transcriptase that function at higher temperatures. Thermostable DNA polymerases from thermophiles have been reported to possess reverse transcriptase activity and can be used optimally at 60°C to 70°C (18,19). Those thermophile-derived DNA polymerases possessing reverse transcriptase activity generally fall into the E. coli DNA polymerase I-like family (2). We have tested several of these DNA polymerases for the ability to copy RNA with Mg 2+ or dNTPs in excess. In contrast to MMLV H-reverse transcriptase, these DNA polymerases appear to require free Mg 2+ for optimal activity (data not shown) and, thus, probably cannot be used at 60°C-70°C under conditions of excess dNTPs that would protect an RNA template from Mg 2+ -catalyzed hydrolysis. Terminal RFLP (T-RFLP) is a recently introduced PCR-based tool for studying diversity among amplified DNA molecules with the same size (4). Terminal restriction fragment (TRF) patterns obtained using the T-RFLP technique are generated and analyzed in a procedure that combines PCR with a labeled primer, restriction digestion of the amplified DNA, and separation of fragments in an automated sequencer. One of the most interesting applications of T-RFLP is its use for the description of genetic diversity within a bacterial community (2, 3, 7) . In this case, the PCR is performed using primers annealing to conserved sequences of 16S rRNA gene, and the TRF pattern obtained represents a "picture" of the number of different 16S rRNA genes present in the community (i.e., different operating taxonomic units Here we present a simple and fast method that allows for an empirical taxonomic interpretation of TRFs. This method would be particularly useful when a detailed taxonomic description of a bacterial community is needed. Figure 1 depicts the flow chart of the methodology. The method is based on the ligation of the TRFs with oligonucleotide adapters, subsequent PCR-amplification, cloning, and final sequencing of the single TRFs.
We used this technique to identify the bacterial groups represented in a TRF pattern obtained from soil DNA. DNA was extracted with the Fast Prep DNA Kit for Soil (BIO101, Qbiogene, Carlsbad, CA, USA) from 0.5 g fresh soil collected in a wood of cypress near Florence (Italy). The 16S rDNA was amplified in a 50-µL volume with 2 U Taq DNA polymerase (Dynazyme II; Finnzyme, Espoo, Finland) using 27f primer labeled with TET (4,7,2′,7′-tetrachloro-6-carboxyfluorescein) and 1495r primer (6) . The amplified products were purified with a QIAquick PCR purification kit (Qiagen, Valencia, CA, USA), and 600 ng were digested with 20 U MspI or HhaI (New England Biolabs, Beverly, MA, USA) for 3 h at 37°C. The digested products (200 ng) were resolved by capillary electrophoresis on an ABI 310 Genetic Analyzer using TAMRA 500 as size standard for GenScan (all from Applied Biosystems, Foster City, CA, USA) analysis. The restricted products (200 ng) were ligated with 10 pmol complementary double-stranded adapter with 10 U T4 DNA ligase (New England Biolabs) for 10 h at 14°C in a 10-µL volume. One microliter of the ligation reaction was PCR-amplified using 27f 
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